Summary -Cheese-making tests were conducted in the laboratory, using animal (kid, lamb, calf) and microbial lipases, present in various commercial formulations, to aid in the development of f1avour.The hydrolytic action of these lipases toward glycerides led to the Iiberation of substantial amounts of fatty acids whose composition showed distinct differences depending on the origin of the lipases that were utilized. Those of animal origin tended to liberate short chain fatty acids, mainly C 4 : 0 and C 6 : 0 , while those of microbial origin did not show any preference for low or high molecular weight fatty acids so that the composition of free fatty acids was almost the same as that of untreated samples. The different behaviour of these adjuvants in the development of the aroma allows various lipase selections to be made according to the intensity of the "sharp" flavour desired in the marketable product. 
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lipase 1 curd 1 fatty acid compostlon Résumé -Addition de lipases d'origine animale et microbienne au caillé. Effets sur la composition en acides gras libres au cours de la maturation. On a mené des essais de fabrication de fromage au laboratoire, en utilisant comme additifs pour la formation du goût "piquant», des lipases d'origine animale (chevreau, agneau, veau) 
INTRODUCTION
Free fatty acids (FFA) exert a considerable influence on the organoleptic characteristics of some aged cheeses; indeed, they play a major role in the development of "sharp" flavour (Nelson et al, 1977; Cerning et al, 1984; Thibault, 1984) .
It is also known that in these cheeses the hydrolysis of the glycerides is brought about by the lipases elaborated by the microbial flora of milk (Anderson, 1983; Chilliard and Lamberet, 1984) and cheese (Desnouveaux et al, 1986) , as weil as by the lipase present in rennet, especially in rennet paste (Catalano et al, 1985) .
Studies were conducted to assess the efficacy of the use of coagulating proteases with the addition of lipase instead of rennet paste (Law and Wigmore, 1985) . Massoni et al (1983) utilized microbiallipase and obtained results that were significant, though inferior to those achieved with rennet paste. Galante (1988) reported on the availability of a "lipase with a high specificity" (extracted from a particular strain of Aspergillus orizae) towards triglycerides (TG) containing medium chain fatty acids (FA) with results similar to those encountered in naturally ripened Cheddar cheese.
Previous research conducted by Long and Harper (1956) and Harper (1957) on Provolone and Romano cheese treated with crude enzyme preparations showed that the amount of C 4 : 0 Iiberated during ripening was directly related to the type of • enzyme used.
As the technique used for the determination of FFA was silica gel column chromatography and as the enzyme preparations used were quite impure, the authors, could only suppose the occurrence of some selectivity in the liberation of FA, th us suggesting an adequate selection of lipases in the preparation of the Italian cheese considered.
Subsequently
it has been elucidated that goat, kid, calf and lamb pregastric esterase exhibit a unique specificity for short chain fatty acids and preferentially hydrolyze the primary ester position of glycerine (Nelson et al, 1977) .
Based on these studies, our aim was to further investigate the action of animal and microbial lipases, available in standardized form, for the liberation of FFA from triglycerides during curd ripening, making use of the latest and more accu rate analytical techniques capable of detecting even sm ail differences in behaviour.
MATERIALS AND METHODS
Sampies derived from the same curd obtained by coagulation with purified rennin were taken into account. The curd had already been subjected to partial syneresis and showed the following features: pH = 6.2, moisture = 56.0%.
Lipases trom different sources supplied by various tirms were added to the curd sampies (table 1) .
Tests were conducted on curd samples of 250 g; equivalent amounts of lipase (from 100-300 mg/kg, corresponding to 30-100 LU) were added.
After the sampies had been prepared and put into moulds they were maintained at 18-20 oC.
Ten and 20 days later, each sample was utiIized to assess the amount of volatile free fatty acids (VFFA) and total free fatty acids (TFFA).
TFFA were recovered by liquid-liquid extraction by dispersing the cheese in a 10% H2S04 water solution. The solvent used was diethyl ether:petroleum ether bp ",;4D-60 oC (1:1, v:v).
The ether extract, with an ethanol-water solution (4:1, v:v) added, was brought to pH = 10.0 by NaOH solution; soaps, once separated and concentrated, were methylated directly in a glass flask with 6% anhydrous HCI in methanol and submitted to GLC analysis. The distilled product treated with NaOH solution up to pH = 10.0, reduced to a small volume by a water bath at a controlled temperature, was acidified with H 3 P0 4 to Iiberate the FA from the corresponding soaps: the FA were then submitted to GLC analysis.
The analysis of TFFA was carried out using a capillary gas chromatograph (Carlo Erba 5300, Italy). A Supelcowax-10 fused silica capillary column 1 = 30 m, (J = 0.32 mm, film thickness 0.5 urn (Supelchem, Milan, Italy) was used. The column was programmed from 60 oC (2 min) to 100 oC at 45 oC/min, then raised to 230 oC at 5 oC/min and held at this temperature for 25 min. The carrier gas was He, with an average linear velocity of 25 cm/s; the inje ct or was on column with secondary cooling; the flame ionization detector temperature was 250 oC; methylundecanoate was used as internai standard.
The GLC analysis of VFFA was conducted using agas chromatograph (Carlo Erba 4200, Italy), equipped with a glass column 1 = 1.8 m,
(J = 4.0 mm packed with GP 10% SP-1000/1% H 3 P0 4 on WAW chromosorb 100/120 mesh, oven temperature 155 oC, inje ct or port and detector (FID) temperature 195 "C, He as carrier gas with a flow-rate of 56 ml/min, and cyclopropancarboxylic acid as internai standard (CPC).
The main FA response factors relating to the 2 above-mentioned methodologies were obtained using appropriate calibration mixtures (De Felice et al, 1989) .
RESUL TS AND DISCUSSION
The results obtained are reported in tables Il and III and refer to 10 and 20 days after beginning the tests.
It should be pointed out that for the individual FA, values for C 4 : 0 and C 6 : 0 were obtained from the GLC of VFFA while those for the other FA were derived from the GLC analysis of TFFA.
Moreover, it is known that acetic acid is normally present in VFFA: in the analyzed samples, this component ranged from 23 to 60%. It was not thought suitable to report it among the constituents of acidic composition in spite of such high quantities, as this acid is not a product of lipolysis.
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...... pears evident. In fact, 10 days after beginning the tests, values of 4 500-9 000 mg/ kg TFFA and 1 100-2 300 mg/kg VFFA were recorded, while 20 days thereafter the values were 5 000-16 000 mg/kg for the former and 1 800-4 200 mg/kg for the latter.
The control curd presented amounts of TFFA and VFFA corresponding to 3 200 and 1 200 mg/kg respectively after 10 days and 4 400 and 1 800 mg/kg after 20
days.
An exception was sam pie No 9 which on the TFFA basis presented at 10 and 20 days quantities of low molecular weight acids identical to those in the control sampie des pite the accentuated lipolysis. The data obtained relative to VFFA and TFFA ranged between the minimum and maximum values usually observed in Provolone cheeses with different degrees of ripening (De Felice et al, 1989) .
The FFA composition makes it possible to assess the type of preference expressed by the lipases from various sources in the liberation of FA from triglycerides. ln order to make the differences more evident, a meaningful ratio of free C 4 : 0 + C 6 : 0 to free C14:0 + C16:0 was calculated. ln figure 1, the value of the ratio demontrates that there are distinct differences in the selectivity of the various lipases. In any case, the significance of these ratios is similar at 10 as weil as at 20 days after beginning the tests.
Whatever the commercial formulation and the producer firm, the lipase from kid and that from lamb show a clear lipolytic preference for low molecular weight fatty acids, especially C 4 : 0 and C 6 : 0 • Also, the lipase from calf behaved in a similar manner by liberating low molecular weight acids independently of the commercial formulations.
The behaviour of the 2 microbial lipases is similar in relation to both the species of the producer organism and the commercial formulations examined.
These lipases, however, exert hydrolytic actions that are distinctly different from the lipases from animal sources.
In fact, although lipolysis is much more intense than that in the control, the composition of liberated fatty acids and the ratio between free C4:0 + C6:0 and free C14:0 + C16:0 almost coincide with those of the control sam pie.
This behaviour, c1early different from that of the lipases from animal sources, makes it possible to. achieve a guided hydrolysis of the glycerides in cheeses with the formation of different quantities of individual FFA. 
CONCLUSIONS
The distinctly diHerent behaviour of the lipases from microbial sources compared with those of animal origin with regard to more or less selectivity in the liberation of high and low molecular weight FA, oHers the possibility of making specifie choices. ln fact, wh en such adjuvants are utilized in the preparation for the ripening of typical cheeses, it is possible to produce degrees of sharpness varying from a more or less distinct sharpness to just a hint of it. In the case of the former, the use of animallipases makes it possible to reach the desired degree of sharpness in a shorter time th an in the case of traditional cheese. On the other hand, use of microbiallipases (elaborated and extracted from Mucor miehei and from Aspergillus nigef), though leading to a rise in the rate of hydrolysis, yields products with a Iimited amount of VFFA and a milder aroma, since the relative composition of free acids appears to be almost the same as that of the untreated sample.
